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Abstract: Apart from conventional treatment, dentists are increasingly relying on physical therapy
modalities in their clinical practice. The aim of this literature review is to analyze the clinical relevance
and potential uses of ozone in modern dentistry. The research question is geared towards detailing the
multiple potential applications of ozone therapy in a range of dental specialties. Based on the available
literature, accessed via the PubMed, Google Scholar, Scopus, and EBSCO databases, a detailed search
of the electronic literature was performed for 2001-2022. Eligible studies were chosen according to
inclusion and exclusion criteria, using keywords: ozone, ozone therapy, therapeutic applications,
oxidants, dental disinfectants, oral medicine, physical therapy in dentistry. Out of 834 manuscripts,
273 studies were curated. A total of 70 publications were used in the final consideration. After
assessing their quality, they were analyzed to determine the relevance and potential use of ozone in
the various aspects of modern dentistry. Ozone therapy is used mainly as an adjunct to the primary
clinical or pharmacological treatment. In some cases of oral mucosal disease, it has proven effective
as a primary therapy. During the literature analysis, it was noted that ozone therapy in dentistry is a
subject of ongoing research, and the results are not always consistent. The multitude of studies in the
literature on the applications of ozone in dentistry reflects the search for its undiscovered physical
therapeutic potential.

Keywords: ozone; ozone therapy; therapeutic applications; oxidants; dental disinfectants; oral
medicine; physical therapy in dentistry

1. Introduction

The element oxygen exists in two allotropic forms. In addition to the most common
diatomic oxygen (O,), there is a triatomic variant (O3, ozone), which is made up of three
atoms joined by two identical oxygen—oxygen bonds with a length of 0.1278 £ 0.003 nm
and an angle of 116° and 49" + 30" between them. Its molecular weight is 47.98 g/mol.
Ozone is thermodynamically highly unstable and, depending on temperature and pressure,
it decomposes back to pure oxygen. It is 1.6-fold denser and 10-fold more soluble in water
than oxygen. Its half-life at 20 °C is 40 min, which means it cannot be stored [1,2]. Ozone
liquefies at temperatures below —111.9 °C and solidifies at —192.7 °C.

Even though ozone is not itself a radical, it is the third most potent oxidant (E_5 12.076
V). The O3 molecule breaks down into a diatomic oxygen molecule and active atomic
oxygen, which is a very powerful oxidant. It disrupts bacterial cell walls by reacting with
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polyunsaturated fatty acids, phospholipids, and proteins containing methionine, cysteine,
and histidine in the cell membrane. Modification of the cell membrane disrupts and blocks
the enzyme system, leading to secondary DNA damage and, ultimately, bacterial cell death.
What is more, it increases the amount of ATP released into tissues, decreases the amount of
NADH, and helps to oxidize cytochrome C, improving tissue oxygenation and nutrient
supply [3-5].

In order to harness the properties of ozone for medical purposes, given that it cannot
be stored, it is produced using an ozone generator that passes pure oxygen through a high-
voltage gradient of 5 to 13 mV. The final product is a gas mixture containing 95% oxygen
and 5% ozone [6]. If there is any air in the mixture, it may lead to the formation of toxic
nitrogen dioxide. The generator must have an accurate photometer and calculate ozone
concentrations in the mixture accurately. If used incorrectly or in larger quantities, ozone
can be toxic and can cause pulmonary complications. Oxidation of proteins, thiols, and
amines during the peroxidation of polyunsaturated fatty acids can cause serious damage
to the body [7].

Nevertheless, the ability to produce ozone in generators has led to intensive research
into the effects of ozone on living organisms and its use in therapy. In general, medical
applications, the oxygen—ozone mixture is used at concentrations of 25-75 mg/mL. At
20-30 mg/mL, ozone has an immunostimulating action; at 40-45 mg/mL, it improves
tissue oxygenation; and at 60-75 mg/mL, it achieves bactericidal properties [6,8,9].

Ozone therapy can take a variety of forms: dry baths in the oxygen-ozone mixture,
dressings with ozone water or ozonated oil, intravenous or intra-articular administration
of ozonated infusion fluids or autohemotherapy [3,4]. Many authors acknowledge that
ozone therapy should be used as a complementary approach, often in combination with
conventional treatment, but not as an alternative. It should be said that ozone therapy, as
used currently, is based on very well-understood biochemical, physiological, and pharma-
cological processes, providing a clear rationale for the therapeutic effects and preventing
harmful effects. From a pharmacological point of view, ozone therapy follows the principle
of hormesis: it has a high efficacy at lower concentrations, but at higher doses it can be
ineffective or even toxic. At low doses, this potent oxidizing agent stimulates endogenous
antioxidant activity and the production of interleukins and leukotrienes, alleviating inflam-
mation and pain [6,10]. The bactericidal, virucidal, and fungicidal effects of ozone are used
to treat infections in fields including surgery, dermatology, cosmetology, and dentistry, and
its controlled application makes for safe treatment [2].

Examples of the use of ozone in general medicine include treatment of back pain,
a condition that affects up to 80% of the world’s population [11-13]. Dr. A. Balkanyi in
Zurich is believed to have been the first to treat patients with pain caused by tendinitis
and myofascial pain by injecting small amounts of ozone [14-16]. Subsequently, ozone was
used by other therapists to treat acute and chronic polyarthritis, diseases of the joints, and
Morton’s neuroma with intra-articular or periarticular administration of 5-10 mL of an
ozone-oxygen mixture (with ozone concentration ranging from 5 to 15 ug/mL) [17-19].

Ozone has also been applied to treat liver cirrhosis, an increasing cause of morbidity
and mortality in more developed countries [20], as well as age-related macular degeneration.
Given population ageing trends, AMD is a significant problem. Studies have shown that
ozone therapy can halt the progression of the disease while improving patients’ visual
acuity and well-being. Furthermore, research findings indicate that ozone therapy is
safe [21-24]. In their paper, Borrelli and Bocci suggested that ozone therapy may activate a
number of defense mechanisms against ischemic and neurotoxic injury and thus prevent
photoreceptor death [24].

Ozone therapy is used in pulmonary diseases. Leroy et al. [25-28] demonstrated
that human exposure to ozone (200 ppb) causes a significant increase in the expression of
various genes involved in wound healing. The authors studied nineteen people, with and
without asthma, who were exposed to clean air (0 ppb), low (100 ppb), and high (200 ppb)
ambient ozone concentrations for four hours in a special chamber. At 20 h after the end
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of exposure, the subjects underwent bronchoscopy with bronchoalveolar lavage (BAL).
The results of the study indicate that the alveolar parenchyma responds to exposure to
ozone by activating genes involved in immunoactivation. Processes such as chemotaxis
(cell chemotaxis, leukocyte chemotaxis, and granulocyte chemotaxis) and responses to
cytokines were enhanced.

The use of ozone is also quite common and regarded as safe in the treatment of skin
diseases. Ozone has a low penetration potential into cutaneous tissues as it reacts rapidly
with polyunsaturated fatty acids and the water of the stratum corneum. This leads to the
formation of ROS and lipo-oligopeptides (LOP), which in turn are readily scavenged by
skin antioxidants or partially absorbed by the venous and lymphatic capillaries [26,29].
Ozonated oil is one form of ozone therapy in skin diseases. Applied topically, the oil is
used in the treatment of wounds, ulcers, burns, cellulitis, abscesses, fistulas, gingivitis,
and vaginitis, as well as herpetic and anaerobic infections [30-33]. Kim et al. suggested
that ozonated oil accelerates cutaneous wound healing by increasing the expression of
PDGE, TGF-31, and VEGEF [34]. Other studies suggest that ozone exposure is associated
with activation of transcription factor NF-«B, which plays a key role in inflammatory re-
sponse regulation and wound-healing mechanisms [19,20,35-38]. Ozone exposure has also
been observed to reduce the severity of radiodermatitis lesions in cancer patients [39-42].
Methods of ozone application are summarized in Figure 1.

Applications

in dentistry

examples:
- HSV1 infection
- Herpes labialis (simplex)

- Conservative and preventive dentistry
- Pedodontics

- Endodontics
_ Periodontolo - Seborrheic dermatitis
24 - Oral candidiasis

- Dental surgery and implantology

- Prosthetics

- Orthodontics

- Teeth whitening
- Tooth sensitivity

Figure 1. List of intraoral and extraoral applications of ozone therapy in dental specialties.
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2. Ozone Therapy in Dentistry

Ozone has been successfully used in medicine for many years. With its bactericidal
properties against oral bacteria such as: Streptococcus mutant, Streptococcus sobrinus, Lacto-
bacillus acidofilus, Enterococcus faecalis, Peptostreptococcus micros, Psudomonas aeruginosa, Ag-
gregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Parvimonas
micra, Fusobacterium nucleatum, Campylobacter sputorum, Campylobacter gracilis, Eikenella
corrodens, Helicobacter pylori, Candida albicans, Candida glabrata and Herpes viruses [43-49],
it has also found applications in various branches of dentistry. Ozone is used not only in
dental treatment and aesthetic procedures such as teeth whitening, but also for disinfecting
the waterline of the dental unit and the dental office itself [50,51].

3. Ozone Therapy Modalities Used in Dentistry

Ozone therapy modalities used in dentistry include: ozone gas, ozonated water, and
ozonated olive oil. Water and olive oil have the capacity to capture and then release
ozone, providing for greater control over the procedure than when using ozone in gaseous
form. The aforementioned modalities are used alone or in combination depending on
the clinical application and the expected results of treatment of the teeth and periodontal
tissues [22-26]. The use of ozone in the above-mentioned modalities is not limited to
conservative dentistry, but has found applications in many treatments representing various
fields, including endodontics, periodontics, surgery [43,44,52-56], and even head and neck
oncology [2,7,56].

4. Aim of the Study

The aim of this literature review is to analyze the clinical relevance and potential use of
ozone in modern dentistry. The research question is geared towards detailing the multiple
potential applications of ozone therapy in a range of dental specialties.

5. Material and Methods

Based on the available literature, accessed via the PubMed, Google Scholar, Scopus,
and EBSCO databases, a detailed search of the electronic literature was performed for
2001-2022. Eligible studies were chosen according to inclusion and exclusion criteria,
using keywords: ozone, ozone therapy, therapeutic applications, oxidants, dental disinfec-
tants, oral medicine, physical therapy in dentistry. Studies were selected with a view to
diversity, methodological rigor, and research ethics. A multi-step selection process was
used to identify reports meeting the selection criteria, which were then subjected to a
critical appraisal.

Out of 834 manuscripts, 273 studies were curated, which were used in part to char-
acterize the general use of ozone therapy, to determine its relevance in the elimination of
specific bacterial strains, and to describe forms of ozone administration in clinical practice.
A total of 70 publications were used in the final consideration. After assessing their quality,
they were analyzed to determine the relevance and potential use of ozone in the various
aspects of modern dentistry. The papers used in the review represented different types
of manuscripts, 70 papers were analyzed, 32 clinical trial reports, 32 review papers, and
6 case reports.

The inclusion and exclusion criteria used in this review are shown in Figure 2.
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Scientific publications older than 2001.

Non-English, German or Italian literature

Text availability — other than free full text
In vivo studies on non-human tissue

In vitro tests on material other than bacterial
strains

Figure 2. Inclusion and exclusion criteria used in this literature review.

The papers used in the review represented different types of manuscripts, as shown in
Figure 3.

70

Papers analysed
/ l
Clinical trial reports Review papers Lasexenonis

23] 32 6

- A

~

Figure 3. Breakdown of the literature included in the review by manuscript type.

6. Main Issue

The research question is geared towards detailing the multiple potential applications
of ozone therapy in a range of dental specialties.

6.1. Conservative Dentistry

Dental caries is a chronic multifactorial disease caused by bacteria that can damage
teeth in both children and adults. Caries is widespread in all cultural groups and is one of
the most common health conditions affecting the world population (WHO 1990). Treating
and preventing dental caries is the remit of restorative dentistry, and in this field, ozone
has also been considered as a treatment and prevention modality.

Ozone has been shown to have a toxic effect against some groups of bacteria, and this
has given rise to the hope that ozone delivered into a carious lesion can be used to reduce
bacterial counts [57]. Control of the bacterial biofilm is one of the pillars of conservative
dentistry. The study conducted by M. Nagayoshi demonstrated the effect of ozone on
bacterial plaque. After exposing the sample to ozonized water, there was a significant
decrease in the number of bacteria including S. mutans, the major pathogen of dental
caries. During the experiment, a decrease in the viability of bacteria S. mutans was noted at
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58% after exposure to 0.5 mg/L of ozonated water for 10 s, while using concentrations of
2 mg/L and 4 mg/L, the reduction in bacteria was 100%. Survival of other microorganisms
important in the cariogenic process, such as S. sobrinus, S. sanguis, and S. salivarius, was
recorded at a similar level to S. mutans. The results suggest that ozonated water may be
useful in controlling oral infectious microorganisms present in dental plaque [58,59].

In modern dentistry, the use of ozone has been tested as a treatment for cavities of
carious origin. One such attempt was undertaken by Aylin Baysan and Edward Lynch.
Ozone was applied to root carious lesions. The study showed a statistically significant
reduction in the bacterial count in the carious lesion, leading to a change in the disease
process to a stage making it possible to conclude that further progression had stopped [60].
Overall, however, research findings are inconclusive. Experiments by other researchers
found no effect of ozone therapy on halting or delaying disease progression [57].

6.2. Pedodontics

Ozone is also used in pediatric dentistry to disinfect cavities in deep caries. It can be
applied in the cavity after the soft, demineralized and infected dentin is removed, which,
together with the application of demineralizing substances, helps avoid irreversible pulp
damage [48].

6.3. Teeth Whitening

The oxidizing properties of ozone have inspired researchers to use it as an alternative
bleaching substance for stained teeth [61-63]. Tessier et al., showed that the yellowing of
tetracycline-stained rat incisors was diminished after applying ozone for a minimum of
3—4 min [6,44]. However, more recent reports point out that the above study should not be
regarded as sufficient evidence for the efficacy of ozone in removing these stains, due to the
differences in size and chemical composition of rat and human teeth, their pigmentation
and the application technique [32].

In a comparison with hydrogen peroxide, ozone was not shown to be a more effective
bleaching agent, which may be due to the pH-reducing hydroxyl radicals produced by
hydrogen peroxide [6,44,61,64]. A higher pH has been associated with more effective tooth
bleaching [61,63].

However, the synergistic effect of ozone on bleaching with simultaneous use of hy-
drogen peroxide remains debatable. In the study by Naik et al., this effect was not demon-
strated [50], while another study, by Al-Omiri et al., showed that the use of 38% hydrogen
peroxide together with ozone provided an improved bleaching effect [6]. Even more recent
studies have attributed the superior bleaching action of hydrogen peroxide in combination
with ozone to the possibility that ozone may produce peroxide, which may contribute to
the formation of additional hydroxyl radicals, and this is considered independent of the
use of ozone before or after H,O, [33].

6.4. Endodontics

Endodontics is a field of dentistry that has made remarkable progress in recent years.
It has been achieved thanks to modern instruments and innovative materials used in
endodontic treatment, as well as new diagnostic methods and the use of magnifying
devices. The use of ozone has also played a part. As a gas, ozone can reach inaccessible
areas, which are difficult to disinfect during standard chemo-mechanical preparation. These
include dentinal tubules, apical delta, anastomoses, lateral canals, accessory canals, and
the periapical region [43]. According to research findings, ozonated water is effective as a
disinfectant against E. faecalis, Candida albicans, Peptostreptococcus micros, and Pseudomonas
aeruginosa. [44]. Another study found ozone to be effective against Streptococcus mutans,
Candida albicans, and Staphylococcus aureus [65]. Lempe et al. demonstrated 100% efficacy of
ozone against E. faecalis. What is more, even a single 40 s application of ozone into the root
canal lumen resulted in the resolution of symptoms such as swelling, pain, and exudate in
the root canal [66—68]. The antimicrobial effect of ozone is comparable to that of 2.5% NaOCl,
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but, unlike NaOCl, ozone is not toxic to tissues during endodontic treatment [69-71].
Furthermore, ozone has been proven to penetrate through the apical foramen to reach the
surrounding bone, where it promotes bone regeneration and healing [3,72]. Reports of the
efficacy of ozone in root canal disinfection were contradicted by the study by Estrela et al.
In an in vivo study of infected human root canals, the authors showed that the application
of gaseous ozone may not be sufficient to remove E. faecalis [71].

6.5. Periodontology

Ozone has antimicrobial properties, including against anaerobic bacteria that play a
role in the pathogenesis of periodontitis. It promotes hemostasis and stimulates the release
of growth factors and antioxidant enzymes [73-78]. E. Dengizek and colleagues studied the
clinical effects of ozone during scaling and root planing (SRP) procedures in the treatment
of periodontal disease. They conducted a study on 40 patients with chronic periodontitis.
SRP therapy and ozone were used in the experimental group, while the control group
received SPR with a placebo. A number of parameters were assessed, including PI, GI, and
CAL. Following treatment, all the above-mentioned parameters were similar in both the
experimental and control groups, with no statistically significant differences [51]. There are
also reports in the literature of positive, clinically significant effects of ozone on periodontal
tissues, such as the study by Isler et al. on the effect of ozone in the decontamination of
implant surfaces in peri-implantitis [54]. Patients were randomly allocated to either the
control group, where sterile saline was used for decontamination of implant surfaces in
SRT of peri-implantitis, or to the ozone group, in which ozone was applied additionally.
The ozone delivery system used was the OzoneDTA Ozone Generator (DentaTec Dental AS,
Hov, Norway). There was a significant difference in PD values between groups at 3-month
follow-up, in favor of the ozone group (p < 0.05) [54]. The positive effect of ozone therapy in
patients with peri-implant mucositis was demonstrated by Mckenna et al., who showed that
ozone reduces plaque and delays the development of peri-implant disease [79-81]. Diseases
of the oral mucosa, such as herpes simplex viral infections, recurrent aphthous stomatitis
(RAS), angular cheilitis, or candidiasis can be very difficult for both the patient and the
physician. Their chronic and recurrent nature requires specifically designed therapies
and often prolonged treatment. The authors of this literature review achieved spectacular
success in the treatment of chronic recurrent aphthous ulcers using three two-minute ozone
applications (Figure 4a—c), as well as in three applications of ozone therapy, the herpes
simplex virus (Figure 5a—c).

Figure 4. Cont.
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Figure 4. Example of chronic recurrent aphthous ulcers (a) before treatment, (b) during treatment,
(c) after three days of ozone therapy. The glass probe of the OzonyTron ozone generator (Mymed)
was used (authors” own photographic documentation).

Figure 5. Cont.
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Figure 5. Example of herpes simplex virus on the upper lip mucosa (a) before treatment, (b) during
therapy, (c) after three days of ozone therapy. The glass probe of the OzonyTron ozone generator
(Mymed) was used (authors” own photographic documentation).

6.6. Tooth Sensitivity

According to research findings, ozone has the ability to open dentinal tubules. This
property is used in the treatment of cervical hypersensitivity, as ozone gas enables the
diffusion of calcium and phosphate ions once the tubules are opened. The penetration of
these ions, as well as fluoride and zinc ions, is also facilitated by the elimination of bacteria
from the dentinal tubules [82-86]. Ozone therapy is also used successfully in the treatment
of hypersensitivity induced by tooth preparation in prosthodontics [62,87,88].

6.7. Dental Surgery and Implantology

Ozone therapy has been applied in dental surgery to stimulate wound healing and
regeneration of damaged tissues [2,6,7,55]. In implantology, ozone has been used to
decontaminate the implant prior to implantation. The positive effects of ozone have also
been reported in the prevention of postoperative complications such as edema, granulation
tissue, dry socket [54], and bone necrosis [55]. With ozone therapy, importantly, patients
reported less postoperative pain, even in cases where the use of opioids for analgesia failed
to provide relief [7].

The case study by G. Batinjan et al., shows a positive effect of ozone therapy on wound
healing after serial extraction and prevention of osteoradionecrosis (ORN) in high-risk
patients [55]. The researchers described the case of a high-risk ORN patient treated with
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ozone in three stages. The first step was preoperative ozone treatment to reduce the number
of bacteria in the operational area to a minimum, whereby ozone gas was applied to the
relevant section of the gingiva for 40 s using a gingival probe. The next step was alveolus
ozonation after extraction. The whole procedure was completed with ozonation after
suturing to stimulate circulation and accelerate healing. The patient’s wounds underwent
clinical evaluation which clearly showed that healing was without complications or signs
of ORN [55].

The effect of ozone on tissue behavior after tooth extraction and severity of postopera-
tive pain was investigated by Jehona Ahmedi et al. [89]. In their study, aimed at evaluating
the efficacy of ozone gas in reducing the incidence of dry socket after surgical extraction of
mandibular third molars, the influence of the indication for extraction and the difficulty of
the procedure on the occurrence of dry socket, the authors proved that in the experimental
group, in which ozone was used, dry socket was about five times less likely to occur than
in the control group (3.33% and 16.67%, respectively). In the experimental group, the
extraction site was treated with ozone for 12 s using Prozone equipment, while the control
group received saline solution. After analyzing the results of the treatment, the researchers
concluded that the use of O3 may reduce the incidence of dry socket and shorten the
recovery period after treatment. According to the authors, ozone is recommended for all
patients, especially those at risk of developing dry socket after extraction [8§9-93].

Accelerated healing and absence of significant complications were also reported by Sila
Cagri Isler et al. [54]. They conducted a study using ozone gas therapy for decontamination
of implant surfaces during surgical regenerative therapy (SRT) in 41 patients with mod-
erate to advanced peri-implantitis. At the end of the 12 month follow-up, they observed
significantly superior results in terms of probing depth of the gingival pocket and clinical
attachment level of the gingival tissue. They also noticed significantly better bone-defect
fill on X-ray in the ozone group. The results indicate that implant surface decontamination
with additional ozone therapy in surgical regenerative therapy of peri-implantitis has
shown clinical and radiological significance [54].

The authors of this manuscript apply ozone gas therapy prophylactically before and
immediately after surgery to avoid post-extraction complications in the form of edema,
trismus, hematoma formation, or raised skin temperature (Figure 6a—d).

Figure 6. Cont.
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Figure 6. Application of ozone therapy prophylactically before treatment (a) and immediately after
treatment (b—d). The glass probe of the OzonyTron ozone generator (Mymed) was used (authors’
own photographic documentation).
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6.8. Temporomandibular Joint Disorders

The temporomandibular joint (TM]) is a hinge-type joint that connects the mandible
to the temporal bone of the skull. Pathologies within this joint comprise a large group of
disease entities of different etiologies. The most common symptoms of disorders in the
TM]J region include pain and limited range of motion, affecting quality of life [94-97]. Daif
conducted a study on the efficacy of ozone therapy in TM] disorders with two randomly
assigned groups. One group was treated with an ozone injection into the superior joint
space, and the other group was treated with non-steroidal anti-inflammatory drugs. The
study demonstrated that the ozone injection contributed to either complete recovery or
significant improvement of the internal derangement of the temporomandibular joint in
87% of the patients [88,98-100].

7. Conclusions

In recent years, ozone therapy has been the subject of much research, making it
possible to apply ozone in specialized dental treatments and supporting the use of ozone
therapy with objective findings.

Despite a body of evidence demonstrating the safety and positive outcomes of ozone
therapy, many clinicians still treat the use of ozone as an alternative, additional and
sometimes uncertain modality. The studies carried out in recent years and their findings
provide evidence for the significant medical potential of ozone and encourage further
research aimed not only at finding new applications, but also at reconfirming and verifying
those already known. Ozone therapy is used mainly as an adjunct to the primary clinical or
pharmacological treatment. In some cases of oral mucosal disease, it has proven effective
as a primary therapy. During the literature analysis, it was noted that ozone therapy in
dentistry is a subject of ongoing research, and the results are not always consistent. The
multitude of literature on the applications of ozone in dentistry reflects the search for its
undiscovered potential as an intraoral and extraoral physical therapy modality in dentistry.
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